Heat exchanger cores, each consisting of a number of single or composite perforated plates separated by wooden spacers to form parallel flow channels, were tested in a subsonic wind tunnel. Three distinct types of augmentation in the heat transfer and friction loss performance have been identified: the transition-turbulent flow enhancement, the "second" laminar flow enhancement and the laminar flow enhancement. The first kind is observed to occur in the transition and turbulent flow regimes on low porosity surfaces [i]. The second type is detected in the "second" laminar flow regime on high porosity surfaces [2]. The present study has revealed the existence of the third pattern which occurs over the entire laminar flow region on low-porosity composite surfaces consisting of a short upstream section for producing vortices and a main section for heat transfer. An attempt is made to explain the enhancement mechanisms.
Introduction
The need for small size, lightweight, high performance heat exchangers in all varieties of powered vehicles from automobiles to spacecraft, as well as a multitude of other applications, has motivated the development of several kinds of extended surfaces such as plain fin, iouvered fin, offset fin and perforated fin. While the perforated surface has heat transfer and friction loss performance comparable to the louvered or offset-plate fin surface, its compactness is literally unlimited by geometry. An attempt is made to explain the enhancement mechanisms.
Experimental Apparatus and Procedure A heating screen consisting of a layer of 100xl00 mesh, 0.00787 cm diameter nichrome wire screen was installed at the inlet of the test section.
Electric current was supplied through a knife switch by a variable current a-c welder.
For testing, the air temperatures upstream and downstream of the test core and pressure differences were taken at each desired air velocity. A step power input from the a-c welder, enough to raise the temperature of the incoming air by about 15 °C, was applied to the heating screen by closing the snife switch. The transient temperature of the air leaving the test core was continuously recorded on the visicorder. Details of the experimental apparatus and procedure are available in reference I.
Test Results and Discussion
The heat transfer and friction loss performance of the perforated surfaces were presented in terms of the heat transfer factor j and the friction factor f, respectively. All j and f data were reduced by treating the test plates as nonperforated ones. For heat transfer calculations, all physical properties of air were evaluated at the mean temperature of the air during the transient.
The flow velocity entering the core is evaluated using the Bernoulli equation, while the flow velocity inside the core is calculated based on continuity. The Reynolds number is defined on the basis of the hydraulic diameter of the flow channels in the core as Re = DhG/~ where D h = 2Wb/(W+b) for the present system. The friction factor f is determined from the static pressure drop across the test core corrected for entrance and exit losses:
The heat transfer coefficient h was determined by a modified single-blow transient test technique described in references 3 and 4. The total mass of the aluminum plates (in the main section) was used as the mass of the test core while h was determined for the surface area of these plates exposed to the air flow. The heat transfer factor j was defined as
where ¥ is a ratio of heat transfer area of a perforated aluminum plate to that of a nonperforated one with the same physical dimension: ternative shedding of vortices from the upstream edges of the perforated slots.
When travelling downstream of the slot, the vortices "eat" into the boundary layers, resulting in an appreciable increase in f and j. In the present study, the inducing section of the composite cores consist of perforated fibre-glass plates, whose thermal diffusivity is two-ordersof-magnitude lower than that of the aluminum plates in the main section. 
